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Introduction
If th e various layers of a flexible pavement structure are not compacted
adequately during construction, they will compact further under traffic, or under
the weight of the overlying layers. The additional compaction will result in
settlement of th e smface. Generally, settlement under traffic does not produce
a total disruption of the surface, but settlement sufficient to require leveling is a
common condition at bridge approaches, culverts, and occasionally in the traffic
wheel paths. Another reason for compacting subgrades and other layers is to
obtain th e highest strength practical and thus obtain an economical design.
Generally tl1e strength increases with density and by compactin g the soil to the
highest density that can be obtained practicably and th at will be retained in the
structure during its life, the thinnest and most economical design will result. This
paper presents information on the density that develops in soils under traffic, and
a summation of the compaction capabilities of various types of equipment.
The asphalt paving mixture must also be compacted to provide a smooth,
stable, water-tight surface, and to a degree that future compaction under traffic
will not be detrimental.
The paper is based primarily on data collected by the U.S. Army Engineer
Waterways Experiment Station, Vicksburg, Miss., as a part of their studies on
the development of flexible pavement design criteria for Air Force and Army
Airfields.
Most of th e relationships in this paper are presented by schematic di agrams
ratlrnr ilian actual presentations of test data. The trends indicated by the schematic
diagrams are in most instances supported adequately by published data and
references are given to indicate the source of tl1e data. In some instances the
schematic di agrams represent the author's estimate; these cases are indicated.
Subgrades, Subbases, and Base Courses
In order to have a logical design procedure, the density that will attain in
each layer from initial compaction, traffi c compaction, and expansion and
shrinkage due to variation in moisture, should be known. Unfortunately, there is
little information available on the ultimate density of subgrades, subbases, and
base courses.
Required Density
Studies of accelerated traffic test sections and airfield pavements that have
been subjected to a heavy concentration of traffic have indicated a definite
tendency for densities to be higher in tl1e upper levels and to decrease with
depth. F ig. 1 is a schematic di agram of a typical group of measurements .. "
D ensity is plotted in lbs/cu ft versus depth from the surface. The density in
lbs/cu ft vari es with the specific gravity of the particles, as well as the degree of
compaction; however, by expressing th e density in a percentage of that produced
in a standard laboratory compaction test the effect of speci£c gravity is eliminated
• Refer to i terns in list of references.
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and a more orderly pattern of density versus depth is obtained as illustrated in
Fig. 2. Both ASTM and AASHO have standardized the laboratory compaction
test. In one variation the sample is compacted in a 4 inch diameter mold with a
5.5 lb hammer dropped from a height of 12 inches in approximately 10?" layers.
A total of 25 blows are applied to each layer, which results in a computed compactive effort in the order of 12,000 ft/lb/cu ft of soil. In another variation a 10 lb
hammer with an 18 inch drop is used. Each 1 inch layer is given 55 blows for a
computed compactive effort of about 56,000 ft/lb/cu ft of soil. The Corps of
Engineers uses the heavier compactive effort but does not follow the ASTM or
AASHO standards exactly; thus, the Corps uses the term Mod. AASHO.
Fig. 3 shows the relationship of wheel load, depth, and percent compaction
as determined from pilots similar to Fig. 2 and many other similar plots. From
Fig. 2 the depth at which 90, 95, and 100% of Mod. AASHO occurred are
plotted on Fig. 3 against wheel load. This was done for all the data and curves
were drawn joining the points for like percentages of density. These relationships
of load, depth and percent compaction have been developed for a range of
wheel loads, tire pressures, gear configurations, and repetitions by the Corps.
The Corps of Engineer compaction requirements for a given airplane load
can be shown as indicated in Fig. 4. For practical purposes, however, the
requirements are separated for layered construction. For example, the requirement
for the base would be set at 103% of Mod. AASHO, the subbase at 100% of
Mod. AASHO, the top 12 inches of the subgrade at 95% and any fill at 90%
In cut sections the existing density would be measured and compared with the
requirements. If the existing density at any level is found to be below the value
indicated on the curve compaction is required. Sometimes this compaction can
be accomplished by operating heavy rollers in the bottom of the cut, in other cases
material must be excavated and the layer compacted.
In the majority of cases studied by the Flexible Pavement Laboratory,
cohesionless sands plotted at about 5 points higher on the percent density scale
than materials with cohesion. For this reason, the Corps has different compaction
requirements for cohesionless sands.
A publication of tl1e F lexible Pavement L aboratoryl summarizes tlie result
of all the studies made to establish tlie compaction requirements. This report also
shows there is a definite relationship between tlie design CBR and the compaction
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requirement specified by the Corps. In this relationship the design CBR is used
merely as a parameter for integrating the effect of variations in wheel load, gear
configuration, tire pressure, depth from the load to the layer being considered,
and repetitions. The relationships between the design CBR and the required percentage of compaction given in reference 1 are shown in Fig. 5. The position of
the curves is based on in-place densities measured in pavements that had been
subjected to heavy traffic tempered with judgment. A point of explanation is in
order concerning the density values in excess of 100% of Mod. AASHO. Since
these values aFe typically found in gravelly materials there was considerable scatter
of the data due to the inherent difficulties of sampling and determining proper
reference densities. For this reason the Corps of Engineers has never specified
densities in excess of 100% of Mod. AASHO although for extremely heavy
loading proof rolling has been superimposed on th e usual requirements to produce
densities in the range of 102 and 103% of Mod. AASHO. Information is sorely
needed for highway conditions on the densities required in base courses and
subgrades. It is believed that the method suggested in reference 1 can be applied
to highway conditions and also that the data developed for airfield loadings
represents a good starting point for highways. Figs. 6 and 7 illustrate the methods
suggested by reference 1. The method is illustrated for the following condition:
Traffic
Kentucky EWL Group X
Surfacing : Asphalt pavement-4" thick
Base
Cru shed aggregate, 80 CBR or better,
cohesionless-8" thick
Subbase : Sandy gravel, 50 CBR or better, cohesionless
Subgrade : Silty sand, design CBR, as selected from laboratory tests, 12, cohesive material; natural
densities as indicated by circles and dashed
line on Fig. 7.
21
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Fig. 6 is a typical CBR-thickness design chart; in this case th e curve
r epresents Kentucky's EWL group X loading. This is the heaviest loading used by
Kentucky and was selected for illustration purposes to give a fari ly thick pavement
section. The compaction requirements from Fig. 5 are superimposed on Fig. 6 by
vertical arrows. To avoid confusion, only th e requirements for cohesive soils are
shown . As a specifi c example, the compaction index for 95 % of Mod. AASHO
density ( Fig. 5 ) is 8.6. A compaction index of 8.6 occurs for any condition of
loading and depth th at requires a CBR of 8.6. As shown on Fig. 7, this occurs for
Kentucky EWL group X loading at a depth of almost 19 inches. In a similar
manner, dep ths are determined for other percentages of density and used to plot
t he curves shown in th e left part of Fig. 7. These curves represent th e depths to
which th e various percentages of compaction are indicated as necessary for Kentucky EWL X loading. The right hand part of Fig. 7 is th e pavement section
for th e specific conditions set forth in the example. Arrows are drawn fr om th e
contacts of th e various layers to intersect th e respective compaction-depth curve.
It can be seen th at th e compaction indicated as necessary for the base and
subbase courses is in excess of 100 % of Mod. AASHO density. As noted previously,
specification requirements for more than 100 % of Mod. AASHO have not been
used although proof rolling has been used to produce densiti es in the order of 102
to 103% of Mod. AASHO. The Corps of Engineers has experienced no significant
difficulty with traffic compaction under airplanes under th ese circumstances. It
remains to be seen wh ether densities in excess of 100 % of Mod . are needed in
bases and subbases for highways.
Values for the natural densities of tl1e subgrade have been plotted at the
deptl1 th ey will occur in the finish ed section. It can be seen that compaction of
traffic will produce densities hi gher than th e natural density down to a depth of
about 28 inches. The indicated requirement would be 95 % of Mod. AASHO
density in the top 6 inches and 90 % in the next 4 inches. In practi ce this latter
figure would normally be increased to a nominal lift thickn ess, say 6 inches. In
cut sections, no compaction would be needed below this depth. In fi ll sections,
general practice in the Corps of Engine!'!rs is to require 90 % of Mod. AASHO ( in
cohesive soils) in the lower levels.
22

Compaction During Construction
In compacting subgrades and foundations for fi lls, it is necessa ry that organic
soils, roots, vegetation, and oth er material th at will decompose or develop
extremely low strength be removed before operations are started. F ive years ago
the author would have considered this statement trit; however, during investigation of isolated areas of settlement in an airfield some four years ago, logs, roots,
and grass were found at the contact between the subgrade and th e subbase. The
areas of settlement were exactly on 100' centers and when pits were excavated th e
grade stakes were still in place. The general conditions suggested that the area
around each 100' station stake was not stripped adequately, furth er it appeared
that logs and debri s picked up from adjacent areas were piled around the grade
stakes. As recently as tlus past sw11mer, th e author was shown a job where th e
base course contractor encountered num erous buried stumps during fin e grading
of the subgrade.
In addition to the obvious item of stripping, it is necessary that the fi ll and
suhgrade be compacted to the design density. In cohesive soils it is also necessary
that th ey be compacted at the design moisture content because the future strength
of a cohesive soil depends as much on th e moisture content at which it is compacted as on the moisture content it fin ally adjusts to.
In cohesive soils, densities in the order of 95% of standard AASHO can be
obtained with practically any of the current rollers and tampers; however, vibrators
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are not effective in cohesive soils. Where high densities are required in cohesive
soils, in the order of 95% of Mod. AASHO, rubber tired rollers with tire loads in
the order of 25,000 lbs and tire pressures in the order of 90 psi are effective.
These densities can b e achieved with sheepsfoot and other rollers, but extreme
care will be needed.
In cohesionless sands and gravels, vibrating type equipment, crawler tractors,
and rubber tired rollers are effective in producing densities up to about 100 % of
Mod. AASHO. In cohesionless base courses, vibrators, steel wheel rollers, and
rubber tired equipment can be used for densities up to 100 % of Mod. AASHO.
Rubber tired rollers with tire loads of 30,000 lbs and above and tire pressures of
90 to 150 psi can be used to produce densities in the order of 102 to. 103 % of
Mod. AASHO.

Proof-Rolling
The term "proof-rolling" as used in this paper refers to the application of a
few coverages of a heavy rubber tired roller on a subgrade or other layer of a
subbase or base course after the compl@tion of normal compaction. The procedure
is used to check the adequacy of the normal compaction and to correct any
deficiencies that may exist. In recent months several states have incorporated
proof-rolling requirements into their specifications for heavy-duty pavements.
Proof-rolling is an excellent tool that will assist materially in the construction of
adequate pavements, but there is a growing tendency to look on proof-rolling as a
panacea for all compaction problems, even to the extent of relaxing on inspection
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and construction co ntrol tes ting where proof-rolling is being used. Proof-rolling.
will accomplish the intended purpose only when th e moisture content is near
optimum. Thjs is illustrated as follows:
Fig. 8 illustrates the case where the moisture content is near optimum but
for some mason th e density obtained is well below tlrnt specified. This condition
is illustrated on Fig. 8 by the circle shown at 16 percent moisture and 102-lb per
cu ft density. lt is assumed tl1at this conrution exists just prior to proof-rolling.
As proof-rolling is applied, the density increases; and as proof-rolling continu es,
the density reaches th e maximum that can be obtained with tl1 e compaction
effort . Since th e moisture was about at optimum for the compaction effort, th e
strength wilJ be adequate even after field saturation. In this case, proof-rolling
accomplished th e intend ed purpose.
Next consider th e effect of proof-rolling on a material that is well below
optimum ( 13 percent ) moisture during th e tim e that proof-rolling is being
accomplished. The circle inruca ted on l•ig. 9 at 13 percent moisture and 102-lb
per cu ft density is th e case being considered. The density is low beca use of faulty
rolling or for some other reason. The lower moisture content co uJd be the result
of the m aterial being placed at a low moisture content or it couJd be th e res uJt
of ch ying between th e time of normal compaction and proof-rolJfog. In cohesionless materials, tl1 e tim e between normal compaction and proof-rolling is very
critical because not only does drying occur but a loss of moisture from drainage
can also occur. T he effect of th e proof-rolling in this case is illustrated on Fig. 9
by the soHd Hne designated 1. Proof-rolling brings th e density up to 105-lb per
cu ft, wh ich is th e maximum that can be obtained with th at compaction effort.
Strength would be very high immediately after construction, and th e job is·
apparently one that will stand forever. Assume, however, tlrnt thi s particular road
is compl eted in th e late fall but tl1e road ca nnot be opened to traffic until th e
following summ er because shoulder work or some other lee ment is not complete.
In th e meantime, th e moisture content increases during th e wet winter weather
and approach es th e compaction curve on the wet side. This change in moisture
co ntent is indicated on Fig. 9 by th e dashed line labeled 2. The line is slanted
downward because almost always some swelling will occur upon saturation. A
large decrease in strength will occur. With continuous traffic on the pavement~
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distress in the form of cracking or displacement will develop quickly. In this
case, th e proot-rolling was wasted and, further, it produced a false sense of
security.
The case illustrated on Fig. 9 by the dashed line labeled 3 results when the
moisture content increases moderately to about optimum while traffic is being
applied, with resulting densi6cation . There is a gain in strength as moisture
content increases, and the only effect on the structure is settlement in the wheel
paths. For the case illustrated, th e density increase is approidmately 6 lb, or 5.7
percent. This percentage of densification in a 12-in. layer would produce 0.7-in.
settlement, which would be enough to hold water during rains. Again, the proofrolling did not accomplish tl1 e desired results. The deficienci es are not as severe
as in the case illustrated by th e dashed line labeled 2, but the defici ency will
require correction.
ext , consider the effect of proof-rolling on a material when th e moisture
content is above the desired value for compaction at the time proof-rolling is
started. This is illustrated on F ig. 10 by the circle at 102-lb per cu ft density
and 19 percent moisture. The high moisture content could be ca used by the
material being placed too wet or by an increase in moisture from rain between
the tim e of normal compaction and proof-rolling or by a ground-water condition.
As proof-rolling is applied, the density increases with coverages. As density
increases the strength builds up; however, as the density crosses th e line of
tptimum, th ere is a drasti c loss of strengtli. Weaving would develop under the
roller and cracking would occur in the surface of th e layer being rolled. In this
case, the proof-rolling accomplished something. It located wet material that would
subsequently have ca used troubl e on th e road and in this sense it was not wasted.
From th e dfacussions given above, the followin g statements are considered
applicable to proof-rolling:
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a. If the moisture content is in th e proper range for compaction, proofrolling will correct compacti on deficiencies.
b . If th e moisture content is well on the wet side of optimum, proof-rolling
will locate this condition and thus permit correction of th e condition during
construction.
c. If th e moisture content is on th e dry side of th e proper range for compaction, proof-rolling gives a false sense of security, because the layer looks firm and
hard; but as moisture increases, th e layer wilJ either lose strength drastically or
will compact furth er under traffi c.

Compaction of Bituminous Mixt ures
Why Compact Bituminous Mfa.t ures
The rolling of asphalt pavements is such a standard part of the constru ction
practice that it is difficult to forc e onesell to consider why we roll them. The
very earliest recollections th e author has of asphalt pavement construction are of
a steam roller rolli ng sheet asphalt. The au th or believes, however, that most
paving engin eers would agree th at bituminous mixtures must be compacted during
constru cti on so that: ( 1 ) th e mix es will be stable und er traffic, ( 2) the finish ed
surface will be smooth, ( 3) the surface course will be water-ti ght, and ( 4) the
mixtures will not compact an objectionable amount und er traffi c.

Density Req uirements
Before the question of how much we should co mpact mixtures during construction is answered , it is desirable to establish certain relationships between
density, asphalt content, and behavior.
Fig. 11 is a typical curve showing th e relationship of density versus asphalt
content that is obtained in a laboratory compaction test'1,3 when samples are com-

£frf,r of f)R.ooF Rou.!fl§
vfHE~ t-10,srvic C.O rJrnJr
IS Toe HIG ~

h::'S !IS

PF!1~-,8tE Z4.t.JE c.r
11~trTtJR£ (6AJTFAJ,

v

~

P()RI AJI (of,( !AtflatJ

~

.... Ii o

?::

-

"l

7:t. I o.s
~ -

/00

I
/!/.

14-

"

I

18

'1111srv€.e C~AJr~ur ·

N_
BcA ss912

Fiu cJIU:'
27

10

20

z

<%VOID$

1

~

"'

)-

\-,()

T.
11..J

'4

NBCA 26010

""

""

A5?H AL.,- {o NT f
Flti0R€ II

N, "

==""

pacted at increasing asphalt contents with a constant compactive effort. D ensity
increases with increasing asphalt content up to a certain point after which density
decreases with furth er increases in asphalt content. The relationship is quite similar
to that obtained in a soil compaction test if th e asphalt is considered the liquid
in lieu of the water. In fact many relationships in asphalt paving mixtures follow
th e same pattern as soil-water mixtures if the asphalt is considered to be a liquid.
In one respect the problem is more complex than soil problems because asphalt
cement has such a wide change in viscosity with change in temperature. For this
reason, it is necessary to maintain a uniform temperature during the laboratory
compaction test in order to develop a smooth curve such as shown on Fig. 11.
On the other h and, some problems are simpler in asphalt paving mixtures th an
soil-water mixtures. For example, th ere is no accumulation of asphalt with time
in an asphalt paving mixture such as th e acctm1u lation of moisture that occurs in
a subgrade.
If the compactive effort in the laboratory test is varied th e density versus
asphalt curves for the different compactive efforts fall in the typical pattern2,4
shown in Fig. 12. The peaks of th e curves can b e joined by a straight line which
is 1·oughly parallel to the line for -about 4 % air voids. The figures for air voids
used in this paper refer to relatively non-porous aggregates and to air voids
computed using ASTM apparent specific gravity. Generally, mixes of this type
are considered water-tight at voids less than about 8 to 9% and are stable from
the standpoint of plastic deformation at voids above 2 to 3 % . The line shown on
the figures at 3 % voids is intended to indicate th e separation between satisfactory
and plastic mixes; that at 8% is intended as the separation between satisfactory
and lean mixes.
This same typical pattern occurs. when mixes are placed at a range of bitumen
contents, compacted during construction, and then subjectecl to prototype traffic.
Fig. 13 shows typical results obtained in test sections at th e vVaterways Experiment Station in Vicksburg.2,3 The section·s were trafficked with airplane tires
primarily during stm1mer months wh en th e p avements were warm. The application of 5,000 coverages in the accelerated traffic test is estimated to produce the
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same effect of 20 years of normal airfield traffic. It can be seen that increasing
the tire pressure from 100 to 200 psi produced an increase in compactive
effort4,u,G and the effect was simj)ar to that produced in the laboratory by changing
the number of blows. Also, wh en the number of covernges was increased from
5,000 to 30,000 ( this was done to compensate for chann elization of traffic) the
effect was an increase in compactive effort. In these tests the tire loads ranged
from 10,000 to 66,000 lbs.7 In the work at th e Waterways Experiment Station
many pavements were placed and subjected to traffic primarily to develop this
item. Also, considerable laboratory testing was done, on the same mixes placed
under traffic, to develop means of predicting the density tl,at would develop
under traffic. By looking at Fig. 12, it can be seen that specifying a given percentage of voids ( or a percentage of theoretical density) will not get the job.
done unless a specific asphalt content is also stated. The only method found in
the work at the Waterways Experiment Station to predict the density that will
develop in a mix under traffic was to adjust th e laboratory compaction test to
produce an asphalt-density curve tliat closely simulated the curve produced by
traffic. The studies indicated that tl1e 50-blow compaction procedure produced
an asphalt-density curve tl,at was essentially the same as th e traffic of 5,000 coverages of tires inflated to 100 psi.2 This is illustrated in Fig. 14. For 200 psi tires an
increase in the laboratory compactive effort was needed to duplicate the increase
in field densities. Increased numbers of blows up to 150 were tried , but the
effect of increases above 75 was slight and also the higher numbe1·s of blows
produced degradation of th e aggregate. It was finally decided to use 75 blows,
which produced densiti es slightly lower than desired and to adjust the voids
criteria to give th e asphalt content which would be optimum for traffic compaction .
With a method available to predict th e density tl,at will develop under traffic,
th e designer is now able to consider tl1 e qu estion of how much density he should
require during construction. The obvious answer would b e to require the ultimate
density and be clone witl, it. Prior to th e advent of the rubber tired asphalt roller,
this requi rement would have been expensive. The Corps of Engineers specifies
compaction during construction to a minimum of 98% of the laboratory density
and this degree of compaction is difficult to obtain with steel wheel rollers. It is
doubted th at 100 % of tl1 e laboratory density could be obtained with steel wh eel
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rollers. However, with the rubber tired rollers high densities can be obtained
and th e designer must consider the possible consequences of trying to compact
to th e ultimate density during construction .
Fig. 15 illustrates the effect of traffic on asphalt paving mixtures as experienced in th e several accelerated traffic tests conducted at the Waterways Experiment Station. As illustrated in Fig. 15, the mixes were compacted to a certain
density ( or percentage of voids) during construction . Traffic continued to compact
the mixes, rapidly at first and at a decreasing rate as traffic continued. For very
lean mixes neither construction rolling nor traffic produced a water-tight mix,
indicated at somewh ere between 8 and 9% voids, and ravelling could be expected .
For mi xes at optimum asphalt content, constru ction rolling produced a density
that was adequate for water-tightness. Traffic produced additional compaction
and in the accelerated traffic tests at Vicksburg densification continued as long
as traffic was continued. Some data were collected from tests where traffic was
delayed for a year and from airfields under actual traffic that indicate densification
may not continue for the entfre life of th e pavement in actual service, however, th e
trend appears to be that densification continues for several years. The next case
illustrated by the lower curve on Fig. 15 is for a mix on th e rich side of optimum.
Construction rolling produced a very water-ti ght mix. Traffic continued to produce
densification to the point where the mix flu shed, indicated at somewhere between
2 and 3% voids. After flushing occurred, successive sampli ng showed a scatter
of points, but no further densification.
The evidence that compaction conti nues with traffic for several years is the
basis of the author's belief that compaction should be stopped just short of the
ultimate density. A small amount of data collected in one of the accelerated
traffic tests at the Waterways Experiment Station indicated th at traffic compaction
occurred in mixes compacted during construction to low percentages of voids
( ultimate density ) and th at these mi xes flu shed when possibly they would not
lrnve flu shed if th ey had not been compacted to such a low percentage during construction. These findings pl us th e advent of th e rubber tired roller, led to the
adoption of a top density requirement by the Corps of Engineers. It is the
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intention of th e Corps' requirements th at the mixes be well co mpacted during
construction (98 %. of laboratory density-usu ally about 7% or 6 % voids ) but
th at compaction stops short of "Hushing" the mix.
The question of how much should we compact bituminous mixtures during
construction is answered as follows:
a. We need a laboratory test that will predict. the ultimate density that will
develop under traffi c.
b . We should compact the mix to be water-tight and stable, which will be
about 98% of the laboratory value, but we should not compact tl1e mix beyond
100 % of tl1e labora'tory value because of danger of early Hushing under traffi c.
The intent of tl1e compaction requirements is illustrated by Fig. 16. The
curve indicates th e density tlrnt can be expected from traffic. The circle off th e
chart at tl, e bottom indicates the density tl1at will be in the mat as the spreader
moves off. Construction rolling should bring th e density up to where th e mix
will be water-tight, stable,' and to where tl1e amouRt of additional compaction
from traffic will be tolerable. For tl, e case illustrated in Fig. 16, construction
compaction reduces the voids to about 6% . Traffic compaction will reduce th e
voids to a little less th an 4%. In a 3 inch layer this would be a settlement of
about 0.06 of an inch.

Compaction of Bitwnin.otts Mixtu.res Dm'in.g Construction
There is much current emph asis on the use of rubber tired rollers to compact
bituminous mixtures. In th e usual procedure tl,e mix is "knocked-down" with a
steel wheel roller, compaction is applied with a rubber tired roller, and fin al
smoothing is done with a steel wheel roller. The autl1or's first experience in th e
use of rubber tired rollers was in connection with compacting "so-called" lean
mixes for very heavy aircraft. These lean mixes check so badly under a steel wheel
roller that they cannot be compacted with a steel wheel roller. They can be
compacted wit!, rubber tired rollers without furth er checking; in fact, rubber
tired rolling apparently heals th e check marks completely. In this case the rubber
tired roller is a necessity.
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For conventional paving mixtures, however, the rubber tired roller is not .-i
necessity since co nventional pavements can be compacted to acceptab le degrees
of compaction by careful attention to details. It follows th en that rubber tired
rollers should be used on conventional pavements only if ( 1 ) they are more
economical or ( 2) if they produce a better job. The author is convinced that
rubber tired rollers are an efficient tool for compacting hot mixes but he is also
convinced that th e only possible method of determining which method of rolling
is th e more economical is by competitive bidding. The author also feels that rubber
tired rolling will produce acceptable results under more unfavorable weath er conditions than steel wheel rolling. At the present time th e author recommends th at
rolling requirem ents b e based on a percentage of laboratory density and the contractor permitted to use rubber ti.red rollers if he so desires. Tbe author would
also suggest that rubber tired rolling be required on jobs th at must be done under
unfavorable weather conditions.
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